The Green Bank North Celestial Cap (GBNCC) pulsar survey will cover the entire northern sky (δ > −40 • ) at 350 MHz, and is one of the most uniform and sensitive all-sky pulsar surveys to date. We have created a pipeline to re-analyze GBNCC survey data to take a 350 MHz census of all pulsars detected by the survey, regardless of their discovery survey. Of the 1413 pulsars in the survey region, we were able to recover 661. For these we present measured signal-to-noise ratios (S/N), flux densities, pulse widths, profiles, and where appropriate, refined dispersion measurements (647 out of 661) and new or improved spectral indices (276 out of 661 total, 15 new, 261 improved). Detection scans for several hundred sources were reanalyzed in order to inspect pulsars' single pulse behavior and 223 were confirmed to exhibit evidence of nulling. With a detailed analysis of measured and expected S/N values and the evolving radio frequency interference environment at 350 MHz, we assess the GBNCC survey's sensitivity as a function of spin period, dispersion measure, and sky position. We find the sky-averaged limiting flux density of the survey to be 0.74 mJy. Combining this analysis with PsrPopPy pulsar population simulations, we predict 60/5 non-recycled/millisecond pulsar discoveries in the survey's remaining 21,000 pointings, and we begin to place constraints on population model parameters.
INTRODUCTION
The Green Bank Northern Celestial Cap (GBNCC; Stovall et al. 2014 ) pulsar survey began in 2009 and, when complete, will cover the entire sky accessible to are forthcoming. As such, this constitutes one of the largest and most uniform pulsar surveys to date.
In addition to the newly discovered pulsars, the uniform coverage of GBNCC allows a robust re-assessment of the known pulsar population with reliable flux density measurements. Here we present a detailed search for all known pulsars in the GBNCC footprint. We find that 563 previously published pulsars and 98 unpublished pulsars have been re-detected by the survey pipeline and visually confirmed, comprising 661 detections in total, the largest low-frequency, single-survey sample. Similar to previous efforts based on results from the Parkes Multibeam Pulsar Survey (PMPS) and the Pulsar Arecibo L-band Feed Array (PALFA) survey (e.g., see Lorimer et al. 2006; Swiggum et al. 2014; Lazarus et al. 2015) , we conduct a detailed analysis of the GBNCC pulsar survey and compare its sensitivity with that of other surveys in overlapping regions of sky. Flux densities at 350 MHz (S 350 ) are presented for all detections, as well as pulse widths and profiles.
In §2, we outline the process used to generate a comprehensive list of pulsars as well as predicting and measuring signal-to-noise ratios (S/N) of detections in the survey. In §3, we present the recovered S/N and flux density measurements for all detected pulsars as well as measurements of pulse width, dispersion measure, and spectral index. We also present the profiles for all of these pulsars. In §4, we discuss how the GBNCC survey is performing compared to expectations and RFI characteristics of the survey, and remark on interesting detections and notable non-detections. We also discuss the implications of our results for the Galactic pulsar population. Finally, in §5, we summarize the main conclusions of this analysis.
SAMPLE ASSEMBLY AND DATA REDUCTION
The GBNCC data set as of late fall 2018 included ∼108,000 120 s pointings, each tagged with a unique beam number. Each dual-polarization observation was taken with the GBT over the past 10 years. The survey utilizes the GUPPI backend, with a sampling time of 82 µs and 100 MHz of bandwidth centered at 350 MHz (for more information on the observing setup for the GB-NCC survey, see Stovall et al. 2014) . We began by organizing a comprehensive list of all known pulsars with parameters that were available for use, whether they were published or not. By utilizing the Australia Telescope National Facility (ATNF) pulsar catalog 1 (v1.59, Manchester et al. 2005) , we amassed the bulk of the sources from the list of all published pulsars and their 1 http://www.atnf.csiro.au/research/pulsar/psrcat positions on the sky as well as their spin parameters and other relevant quantities (dispersion measure, etc.) . Discovery parameters are also available for additional pulsars that have not been published but were detected in a number of other recent or ongoing surveys. Many of these surveys, including AODrift (Deneva et al. 2013) , SUPERB (Keane et al. 2018 , Spiewak et al., 2019 , GBT 350 MHz Drift (Boyles et al. 2013) , PALFA (Cordes et al. 2006; Lazarus et al. 2015) , LOTAAS (Sanidas et al. 2019) , and HTRU-South (Keith et al. 2010) include pulsars that are in GBNCC survey area, and so were included in the list. More information on these surveys is included in Table 1 . Furthermore, we included the list of pulsars that had been discovered in the search pipeline for the GBNCC survey. We then limited this list to pulsars within the range of the survey, i.e., pulsars with δ > −40 • . In total, this list contained 2299 pulsars. We determined which pulsars were within 30 (FWHM of GBT) of completed GBNCC pointings, adjusting when appropriate for uncertainties in pulsar position. This reduced the total number of pulsar candidates to 1413. We could then match each pulsar with the GBNCC beams closest to its position before beginning to process the data.
Radio frequency interference (RFI) excision is the first step of GBNCC data analysis, and is done primarily with the rfifind tool from the PRESTO 2 pulsar data analysis software package (Ransom 2001) as described in §3.1 of Stovall et al. (2014) . We performed an analysis of the rfifind output files spanning the lifetime of the GBNCC survey up to late 2018 (roughly 83% of the total survey). These files contain information about which frequency channels were masked due to RFI for every 120 second scan in the survey. For a particular scan, the effective bandwidth ∆ν is the total 100 MHz bandwidth of the GBT 350 MHz receiver multiplied by the ratio of unmasked to total channels for that scan, minus an additional 20 MHz for rolloff.
In some cases, the rfifind masks were insufficient to remove additional RFI that was either narrow in frequency space or brief in time. The latter often appears as a very bright burst at ∼0 DM for portions of the observation. To mitigate this, we employed some additional narrowband flagging in the PRESTO prepfold command as well as time-domain omission of corrupted bins. Note that these changes also alter the values for τ obs and ∆ν which consequently change the measured S/N for a given observation.
After removal of RFI, we dedispersed and folded the observations at each pulsar's rotational period and integrated the profiles to obtain a single average profile for each observation. In cases where RFI still existed in the data, we removed high order (>5) polynomials from the off-pulse regions of the profile. For the vast majority of sources included in this analysis, a precise ephemeris from the ATNF catalog was used to perform the folding. In all other cases, only the period, period derivative, and DM were used. We also repeated this process while searching for an unknown dispersion measure and, in some cases, searching for an unknown period and period derivative. This second iteration allows for fine-tuning previously published parameters at the cost of potentially locking on to bright RFI, which will often occur when attempting to detect low-DM pulsars as sources of RFI have DM = 0 pc/cm 3 . The 120 second observation times utilized in the GBNCC survey limit sensitivity to period refinement, so fitting for period was only used to increase the S/N of detections of pulsars for which only discovery parameters were used, and no further timing analysis was done as a part of this study. All folded data were visually inspected to determine likelihood of an actual detection. With folded profiles, we calculated a measured signal-to-noise ratio (S/N) (Lorimer & Kramer 2004) ,
where N bin is the number of bins across the pulse profile, p i is the value of bin i,p off is the mean of the off-pulse bins, σ off is the standard deviation of the off-pulse bins, W is the on-pulse width in seconds, P is the pulsar spin period in seconds, and γ is a correction factor due to correlations in neighboring profile bins during the folding process in PRESTO. γ depends on the sampling time and the number of bins in the profile, which (for this study) is dependent on the pulsar spin period. Typical values are close to 0.95. Pulse widths were determined by rough sigma-clipping to find the off-pulse region followed by an iterative top-down process to find the number of bins above the noise floor. The edges of the pulse were found by fitting lines to the two bins on either side of the pulse and finding the fraction of the outermost bins that were above the noise floor. Each profile was then checked by eye, and corrections to the on-pulse region were made. Any components of the pulse width that were distinct from the main pulse were determined using the same algorithm. The binning scheme and byeye verification allowed for fairly precise determination of this number of on-pulse bins, so the error expected on the width was limited to 1 bin. In some cases, ad-ditional RFI features were removed prior to the determination of W to minimize errors in W and S/N (see §4.2). The number of bins N bin was determined by the pulsar period as follows: profiles for pulsars with periods shorter than 1.7 ms had 28 bins, periods shorter than 10 ms had 50 bins, periods shorter than 50 ms had 128 bins, and all others had 200 bins. This prescription retains sensitivity to long-period pulsars but avoids bin widths corresponding to time intervals smaller than the sampling time of 82 µs. Characteristic measurements of pulse width include measurements at both 50% and 10% of the pulse profile's maximum amplitude (hereafter W 50 and W 10 , respectively). These widths are dependent on both pulse period and observing frequency, so measurements at 350 MHz help to fill out the low-frequency regime for a wide range of pulse periods. However, the noise floor in some pulsars limits the ability to determine W 10 robustly.
The expected S/N of a pulsar can be estimated as (Dewey et al. 1985; Lorimer & Kramer 2004) 
where S 350 is the flux density at 350 MHz, G = 2 K/Jy is the gain of the Green Bank Telescope (Stovall et al. 2014) , N pol = 2 is the number of polarizations recorded, τ obs = 120 s is the length of the observation, ∆ν is the bandwidth in MHz after removing RFI (see §4.2), T sys is the system temperature (including the sky temperature at the source position, receiver temperature 20 K, and CMB temperature 3 K), β 1.1 is an instrumentdependent correction factor due to 2-bitizing the data (Lorimer & Kramer 2004) , and f (θ) is a Gaussian factor accounting for sensitivity degradation as a function of angular offset from the center of the beam θ. The sky temperature at each pulsar's position was determined using data from Haslam et al. (1981) .
Where possible we use flux densities at other frequencies and previous measurements of spectral index (α, with S ν ∝ ν −α ) from the ATNF catalog to determine an expected flux density at 350 MHz and the expected S/N (Manchester et al. 2005) . In cases where there was no published value for α but flux densities at both 400 MHz and 1400 MHz were published, we determine a spectral index using a simple power law. In all other cases, we assume a spectral index of −1.4 (Bates et al. 2014) to estimate the flux density at 350 MHz. We also calculate the measured flux density of each pulsar by inverting Equation 2 and using measured values for S/N (determined from Equation 1) and pulse width. Comparing these two quantities can both roughly confirm our cur-rent models for pulsar emission as well as aid in explaining non-detections.
PULSAR FLUX DENSITY CENSUS AT 350 MHZ
We detected 661 pulsars out of a total of 1413 in the survey area, and these detections are listed in Table 5 in Appendix 1. For all following analysis, the beams corresponding to the brightest detections (highest S/N) were used. Along with pulsar names, we provide several relevant quantities: dispersion measure from searching with PRESTO (Ransom 2001) , MJD of the brightest detection, angular offset from the center of the beam, W 50 , W 10 (when S/N was large enough), detection S/N, 350 MHz flux density measured from the GBNCC data, and measured spectral index α (see §3.2). Uncertainties on the S/N and flux densities were calculated using standard error propagation from equations 1 and 2 and uncertainties on bandwidth, temperature, and θ of 5 MHz, 10 K, and 0.5 degrees, respectively. Among these are 66 millisecond pulsars (MSP), defined here as pulsars with spin periods shorter than 30 ms. The integrated pulse profiles for all of the brightest detections are shown in Figures 10 − 20 along with pulsar names, dispersion measure, and flux density. Figure 1 shows all detected pulsars plotted by their Galactic positions, and different markers indicate whether or not the pulsars were from the ATNF catalog or were a part of one of the other survey lists mentioned above.
Comparison Between the GBNCC and Overlapping Pulsar Surveys
Out of the 210 pulsars with discovery parameters that are not currently listed in the ATNF catalog, 98 were detected. Names, central frequencies, scaled limiting flux densities, and the ratio of detected to processed pulsars are given for each survey in Table 1 . It should be noted that there are many pulsars from these surveys (excluding GBNCC) in regions of the sky where the GBNCC survey has yet to observe, and so they may be detected in the future; these pulsars are not included in the counts listed in Table 1 . Three of these surveys (SUPERB, HTRU-S, PALFA) are high frequency surveys, in which the average sky temperature (especially near the Galactic plane) is much lower. This reason and the increased sensitivity to high DM pulsars at high frequency is useful for determining the cause for missed detections. Because these pulsars have neither published flux densities nor spectral indices, reasons for missed detections cannot be determined more robustly than those due to sky temperature, position relative to the survey, extreme nulling, and high DM/short periods. It is also possible that for some of these pulsars, the discovery parameters may not be precise enough to be found in this analysis.
The most surprising missed detections come from the GBT350, AODrift, and LOTAAS surveys, which all have comparable sensitivities and frequencies. In an effort to explain why these pulsars were missed, all of the discovery plots were checked against our results, and acceleration searches were run. Three pulsars that were originally missed were found on the second trial, as the DM used in the first run was not close enough to the DM at which the pulsar was discovered. For the majority of pulsars that were not detected after re-running the pipeline, the discoveries were quite dim (prepfold sigma ≤ 5 when scaled to GBNCC sensitivity). The LOTAAS survey also has much longer integration times (60 minutes), which significantly improves the changes of the survey detecting pulsars which may be faint and/or nulling. When checking the discovery plots, it became clear that both of these effects were common to many of the missed pulsars. Some pulsars even appeared to exhibit nulling with 'off' times as large as 100 seconds. Nulling behavior was also seen in many cases for the AODrift survey. For the GBT350 missed pulsars, all three of those that were missed were faint, and several GBNCC beams in which the pulsars were most likely to be found had RFI that spanned the entire 100 MHz band.
Eight binary pulsars that were originally discovered in the GBNCC survey were not detected in the first pass of this pipeline. These pulsars required acceleration searches, which are automatically performed as a part of the search pipeline, but not here. As a part of the missed pulsar analysis, we ran an additional acceleration search, and they were all detected. We also reprocessed data for 15 binary pulsars from the ATNF catalog with short (≤ 0.5 day) orbital periods that were not detected in the first pass using acceleration searches; none of these were detected.
Pulsars with long periods (greater than 2.5 s) were also followed up with a search for single pulses. Because these pulsars would only be observed for at most 48 pulses, non-detections are more common. To address this, we implemented single pulse search.py from the PRESTO package, which searches a range of dispersion measures to find bright single pulses in the data and characterize them by their S/N. In this way, a pulsar that is not detected via a periodicity search may be found by individual pulses. However, we were still unable to find these pulsars using this method.
Spectral Indices
Many previously published spectral indices were determined from flux measurements from high-frequency surveys. Therefore, the lower frequency of the GBNCC
Nondetections Discovery Data ATNF catalog survey provides more stringent constraints on these calculations. Results from this analysis are listed in Table  5 . The majority of the pulsars in this data set follow a single power law, or do not have enough (>2) flux density measurements to fit multiple power law functions. However, there are a small number of cases where the emission is better fit by a broken power law, defined instead as a piecewise function composed of two power laws. Of the 276 pulsars for which we measured spectral indices, 197 had three or more flux measurements (including our 350 MHz measurements) and were checked by eye to determine whether or not a broken line fit was appropriate. Four pulsars fit these criteria. For these pulsars, we fit two lines, one for high frequency flux density measurements and one for low frequency. The breaking point for the power law was determined by finding the maximum change in the derivative of flux density with respect to frequency. A similar analysis was done in Murphy et al. (2017) . Plots of these cases are provided in Figure 2 with both indices included. These plots also display the best-fit line to all measured flux densities. The measured values of α l and α h are reported in Table 2 .
Comparison of Dispersion Measure with Catalog Values
The relatively low frequency of the GBNCC survey allows much higher precision DM measurements than typical 1400-MHz surveys, as dispersion across the band scales as ν −2 . Using the dmsearch flag contained within the PRESTO package, we processed each of the pulsars and recovered more accurate values of DM. The program adjusts for dispersion by shifting low frequency portion of the signal (which is delayed in transit due to dispersion) back in time, and then folds the data at the pulsar's period to line up the pulses in both time and frequency. When dmsearch is off, the program does not tune the DM to maximize S/N; otherwise, the DM which aligns the pulses in frequency is returned as a new DM. In some cases, RFI caused the DM searching algorithm to return erroneous values for DM, and so we were unable to refine the dispersion measure. For these pulsars, we include the previously published DM in Table 5 and Note-Information about individual detections is reported in Table 5 . a Spectral indices below (α l ) and above (α h ) the break.
Note-Quantities in parentheses are uncertainties in the last digit. See Figure 2 for the corresponding plots.
mark them with a double dagger. More often, we were able to improve upon the previously published values of DM. Most of the discrepancies were small, but in some cases, our more precise DM measurement differed from the previous value significantly. For the pulsars with significant changes to their previously catalogued DM, we followed up with TEMPO 3 (maintained and distributed by Princeton University and the Australia Telescope National Facility). We split each detection into four subbands and created precise pulse times-of-arrival (TOAs) which can then be utilized to fit for DM. This method provides marginally more precise measurements, and so was only performed on pulsars with significant changes to previous DM measurements (≥5%). All newly measured DMs are presented in Table 5, and Table 3 Figure 2 . Pulsars with broken power-law spectral indices. We plot all available measurements of flux density in the ATNF catalog as well as the 350 MHz measurements made in this study against observing frequency. We fit two disjoint lines to the low-and high-frequency measurements (orange solid lines). The red dashed line indicates the frequency of the turnover in the spectrum, determined by finding the point at which the two lines match up. Information for these measurements is presented in Table 2 .
SURVEY SENSITIVITY

Efficiency of GBNCC Survey
In total, there were 5633 unique beams analyzed, yielding 1319 unique detections of the 661 pulsars. Given that there were 102948 beams that had been observed at the beginning of this project, this corresponds to an average number of detections per beam of ∼0.013, and ∼0.38 detections per hour of observing. The ability to detect pulsars at 350 MHz is limited most stringently by scattering in the interstellar medium (which correlates with dispersion) and sky temperature. The first of these is especially detrimental in the detection of pulsars with short periods, as even a few milliseconds of smearing can eliminate the pulse entirely. Given a particular spin period and the estimated DM smearing, we can estimate the minimum flux density that will be detected by the survey. This relationship comes from solving Equation 2 for flux density and assuming both an average sky temperature and duty cycle for the pulsars in the survey. Plotted in Figure 3 are curves corresponding to a number of trial values of DM, showing the sensitivity floor at those values. Because DM and sky temperature are correlated, we determined the average sky temperature for each curve that is plotted, resulting in an increase in minimum detectable signals for higher DM pulsars. Also plotted are flux density measurements for detections made by this survey and expected flux density measurements for the pulsars which were not successfully detected. The colors in the plot correspond to the dispersion measure of each pulsar, showing how pulsars that may be intrinsically bright enough to be detected can still be missed because of dispersive smearing and/or scattering. The minimum flux density expected to be measured in the survey (regardless of spin period) can be determined to be the asymptotic value of the DM curve corresponding to the faintest detection. This value is directly proportional to the minimum S/N which results in a detection, hereafter S/N cut , which was found to be ∼3.8.
The expected S/N for detections is inversely proportional to system temperature, which is dominated by sky temperature near the Galactic plane. At 350 MHz, this effect is quite significant, with temperatures approaching 1000 K in this region.
The low frequency of the GBNCC survey can result in significant deterioration of the pulse due to scattering and scintillation effects, as residual dispersive time delay within a frequency channel with finite width increases as ν −3 and scattering roughly as ν −4 (Lorimer & Kramer 2004) . Both of these phenomena result in a broadened pulse and subsequently a reduction in S/N. To shed light 10 −4 10 −3 10 −2 10 −1 10 0 10 1 To determine the sky temperature for the curves, we found the average sky temperature as a function of DM using the sky temperatures at the positions of all detected pulsars. We then drew from this function the temperatures at each DM for which a curve is plotted. We glean the minimum detectable S/N for the survey by matching the curves to the faintest detection. This was found to be ∼3.8. Higher DM pulsars are more susceptible to smearing, and so the likelihood of detection is decreased for high DM, short period pulsars. We also plot both the detections (plus symbols) and non-detections (triangles), which are colored by their DM.
Spin Period [s]
on the causes for some of the missed pulsars, we calculate the effective pulse width W eff at 350 MHz as the quadrature sum of intrinsic pulse width (taken from the ATNF catalog, where published), dispersive smearing, and expected scattering from the method described in Bhat et al. (2004) ; this assumes no intrinsic broadening of the pulse profile with frequency, which usually occurs and can inflate the expected S/N (e.g. Pennucci 2019, and citations within). Note that if the published pulse width was measured at ≤ 400 MHz we did not add any additional contributions, as this frequency is sufficiently similar to our observing frequency that it would be redundant. In cases where there is no published data for pulse width, we use the average ratio of pulse width over pulse period of ∼ 6%. We then determine S/N exp (Bates et al. 2014 ) using this smeared width as well as the sky temperature at the position of the pulsar. This additional step can drastically reduce the expected S/N, especially for pulsars with high DM and in regions of the sky where the temperature increases far beyond the sky-averaged temperature used to plot the curves in Figure 3. This effective sensitivity limit was used to create Figure 5 , where all pulsars' periods are plotted against their dispersion measure. Each point's color and shape describe whether or not the pulsar was detected, and if not, whether we expect to have detected it. Missed detections that were unexpected are plotted with point sizes reflecting the expected flux density (calculated as described in §2) normalized by the value of the effective sensitivity curve for that pulsar, so larger points indicate pulsars with expected flux density much higher than the minimum detectable flux density at the pulsar's position.
In total, there are 116 undetected pulsars plotted in Figure 5 that have been classified as "unexpected" by the logic above. Many of these pulsars are quite close Errors in these quantities, previous flux measurements, and spectral indices increase the spread about unity. Nulling also diminishes the measured S/N -one of the three significant outliers in the lower right portion of the plot was found to be a new nulling candidate, and the other two were initially labeled as possible nullers that could not be verified without higher resolution observations.
to the sensitivity line, and so small errors in other flux density measurements and spectral indices may change them to "expected." Because the effective sensitivity curve includes temperature and bandwidth (RFI, by proxy) information, reasons for missed detections are limited to effects that are harder to characterize. The most likely contributors include scintillation, abnormal pulsar behavior (i.e. nulling), and imprecise previous measurements of pulsar parameters resulting in inflated expected flux densities. Scintillation depends on DM (Cordes & Lazio 1991) , with increased timescales for smaller DM. Many of the non-detected pulsars that are outside of the Galactic plane are in this low-DM highscintillation regime, and are likely to have been obscured. Many of the other missed detections, especially those from surveys with comparable limiting fluxes, were inspected individually. Some of these were simply too dim; many of the others were obscured by significant RFI across the band. For example, PSR J0108−1431 (spin period of 0.81 s and DM of 2.38 pc cm − 3, to the right of the bottom center of Figure 5 ) should be easily detected but was obscured by RFI. When examining a number of the other sources, it was found that many of the published spectral indices came from a 1400 MHz study conducted by Han et al. (2017) , and were unusually steep. This steepness results in high expected values of flux at 350 MHz, which are not reflected in our results.
RFI Analysis
To visualize how RFI affects the efficiency of the survey, we determined the limiting flux density for each beam based on a S/N cutoff of 3.8, the temperature at the sky position of the beam, and the bandwidth available after RFI excision. Figure 6 displays a histogram of the beams by their limiting flux, and Figure 7 shows these same data projected onto their sky positions. The sky map depicts a few important characteristics of the survey: the most obvious is the decreased sensitivity near the Galactic plane, but also visible are many individual pointings within the completed regions where significant RFI masking has reduced sensitivity. To mitigate this, these beams will be scheduled for reobserving. There is a small discrepancy between the number of observed beams displayed in Figures 1 and 7 due to a backlog of data which has yet to processed, and so mask fractions have not been determined for these beams.
Nulling/Mode-Changing Candidates
The large set of data analyzed in this study as well as the "by-eye" verification of all detections allowed for easy identification of potential nulling/mode-changing candidates in the results. This way, we are sensitive to nulling timescales between that of the pulsar spin period and the observation time (120 seconds). These cases were first identified by the appearance of missing pulses in the time-phase plots from processing using the PRESTO package. They were followed up by folding the time series data in 10 second integrations for individual pulses present for each rotation using the dspsr 4 package. This was followed by some RFI zapping and frequency integration using the pav and pam commands within PSRCHIVE 5 . When it was possible to discern onand off-pulse regions by eye, the candidates were considered confirmed. Some pulsars exhibited behavior similar to mode-changing, where multiple components of the averaged profile were found to be on during different portions of the observation; these pulsars were not treated differently than other nulling candidates − we folded for single pulses to determine the likelihood that different components were visible. All of these sources will be followed up in later works regarding these data. In total, 223 pulsars were confirmed to be nulling during their observations, 62 of which have not previously been found to null. Nulling pulsars' names are marked in Table 5 with an asterisk. Orange triangles indicate missed pulsars that were not expected to be detected, in that they lie below the expected sensitivity of the survey. Red circles indicate missed pulsars that lie above their expected sensitivity, and so were unexpected non-detections (see §4.1 for details). The area of these points is given by the ratio of expected flux density to the limiting flux density at the pulsar's position. Given its overall sky coverage and the large number of pulsar detections reported here (661), the GBNCC survey will play an important role in future understanding of the Galactic pulsar population. To date, the GBNCC survey has detected 568 non-recycled (longperiod) pulsars in the Galactic field and 64 Galactic MSPs, which have undergone recycling and have spin periods, P < 30 ms. Remaining detections are either associated with globular clusters (3) or are recycled pulsars with spin periods, P > 30 ms (26), and have been intentionally ignored for the following analysis, since our current models do not adequately describe the features of this sub-population.
To estimate expected numbers of non-recycled/millisecond pulsar detections in the GBNCC survey, Galactic populations were simulated using PsrPopPy2 6 , a more recent and currently-maintained version of PsrPopPy (Bates et al. 2014 , and citations within). Pulsar populations were generated using PsrPopPy2's populate function, which simulates pulsars by drawing parameters from predefined distributions until some condition is met: for the non-recycled pulsar population, pulsars were generated until a synthetic Parkes Multibeam Pulsar Survey (PMPS) "detected" 1038 sources and for MSPs, the desired population size was set to 30,000 sources. Specific parameters defining pulsars' Galactic radial distribution, as well as scale height, spin period, luminosity, and duty cycle can be found in Swiggum et al. (2014) . However, an updated model for the MSP P -distribution (Lorimer et al. 2015) was implemented in simulations here.
Synthetic surveys were conducted with 100 realizations each of the Galactic non-recycled/millisecond pulsar populations using survey and a GBNCC model file, including survey parameters identical to those presented in §2, and lists of completed/remaining GB-NCC pointing positions. With S/N cut = 3.8, as deter- mined in §4.1, we found 1442/126 simulated detections for non-recycled/millisecond pulsar populations, respectively (on average; compared to 568/64 actual detections). The discrepancies between simulated and actual yields suggest uncertainties in population parameters informed primarily by the PMPS survey, which targeted the Galactic plane and was conducted at 1.4 GHz. As an all-sky, low-frequency search, the GBNCC survey will be a valuable counterpoint, when complete, to further refine non-recycled/millisecond pulsar population parameters. Parameters determined by these previous surveys produce over-estimates for GBNCC pulsar yields. By fixing the number of simulated non-recycled/millisecond pulsar detections to their actual values (564/64), we found nominal S/N thresholds for each sub-population, S/N cut = 15.4/10.3, resulting in simulated detection population sizes that better matched actual results. However, as we will show below, other parameters of the simulated population no longer match detected population when this threshold is set.
To test the validity of underlying non-recycled/millisecond pulsar populations, we compared cumulative distribution functions (CDFs) of simulated (sim) pulsar param- eters (P , DM, S 350 , and b) with those of the actual (act) detections using a scipy implementation of the 2-sample Kolmogorov-Smirnov (K-S) test. For each parameter, the K-S test statistic and p-value were com-puted over a range of S/N cut . When p < 1% the null hypothesis, that act/sim parameters are drawn from the same underlying distribution, is rejected. Figure  8 illustrates these comparisons for non-recycled pulsar population parameter distributions and Table 4 summarizes K-S test results, imposing nominal S/N cut values for non-recycled/millisecond pulsar sub-populations.
Comparing act/sim parameters for the non-recycled pulsar population, we find broad agreement between b distributions, regardless of S/N cut . Results for other non-recycled pulsar parameters in Table 4 show significant inconsistencies between act/sim samples. DM distributions are clearly different for S/N cut > 4, likely due to an over-abundance of low-DM simulated detections. For S/N cut = 15.4, we find twice as many sim detections with DM < 35 pc cm −3 . Presumably due to the prevalence of nearby sim sources, this sample also has a larger fraction of high-flux density sources, so S 350 distributions are statistically different for S/N cut = 15.4. However, there is a small window (10.25 < S/N cut < 12.25) where act/sim S 350 distributions become statistically similar, with p > 1%. The null hypothesis is rejected for P due to act/sim log-normal distributions having different mean values: log P act = 2.88 versus log P sim = 2.72 (see Figure 8 ). This discrepancy persists, regardless of chosen S/N cut .
Current model parameters used to generate simulated versions of the non-recycled pulsar population were primarily informed by PMPS (e.g. Lorimer et al. 2006) , which was conducted at 1.4 GHz and exclusively covered regions of sky near the Galactic plane (|b| < 5 • ). Due to more uniform sky coverage and -near the Galactic plane -higher sky temperatures and more significant scattering at 350 MHz, the majority of GBNCC detections (67%) are away from the plane (|b| > 5 • ). Young pulsars are typically born in the plane and tend to be found nearby, therefore GBNCC's reduced sensitivity to low-latitude sources means that relatively few detections are young pulsars. The P -Ṗ diagram in Figure 9 nicely illustrates the shortage of pulsars detected with characteristic ages, τ ≤ 1 Myr. By imposing an age cutoff on non-recycled pulsars in the ATNF catalog, τ > 1 Myr, the resulting spin period distribution is statistically similar to that of GBNCC detections (K-S p > 1%). This selection effect accounts for the apparent differences between act/sim P -distributions, but can not explain discrepancies in S 350 and DM distributions for non-recycled pulsars.
K-S tests comparing act/sim parameter distributions for the MSP population show better agreement (see Table 4 ). For MSPs, selection effects based on Galactic latitude and spin period do not come into play since MSPs are more isotropically distributed and model parameters for this sub-population are based on results from multiple Parkes Telescope surveys (see j, Lorimer et al. (2015) , and references therein); the simulated population's spin periods are statistically similar to the sample detected by GBNCC. This conclusion does not change, regardless of the chosen S/N cut value. For b, the null hypothesis is still not rejected by our criteria (p < 1%). Based on the b histograms themselves, there appears to be an absence of detections in the act sample in/near the Galactic plane, which is not the case for sim sources. The null hypothesis is rejected for S 350 due to the over-abundance of high-flux-density sources in the sim sample compared to those present in the act sample. Median flux densities for act/sim detections are 4.3/7.4 mJy respectively. Comparing act/sim DM distributions, the sim sample consists of a higher fraction of high-DM MSPs and 12% of simulated detections have DMs in excess of the act maximum value, 104.5 pc cm −3 . This is likely related to the bias noted in S 350 for sim MSPs.
Based on discrepancies between predicted yields from simulations and actual numbers of detections by the GB-NCC survey, it appears that model parameters need to be further refined in order to generate more realistic Galactic pulsar populations in the future. For now, we proceed with nominal S/N cut values in order to estimate the GBNCC survey's future yields. In the remaining ≈21,000 pointings, we expect an additional 157/15 non-recycled/millisecond pulsar detections, or ≈ 60/5 discoveries, accounting for detectable known pulsars in regions of sky remaining (Manchester et al. 2005 ).
CONCLUSIONS
We have provided all detections of currently known pulsars that exist within the area of the 350 MHz GB-NCC pulsar survey and performed some preliminary analysis of the resulting data set. Specifically, we have provided new flux density and pulse width measurements as well as pulse profiles for the 661 detections. When possible, we used our flux density measurements with previous measurements at different frequencies to refine spectral index. The low frequency of the survey provides increased sensitivity to dispersion, allowing for more precise measurements of DM for many pulsars that have only been measured in high frequency surveys. Using all of this information, we have made quantitative measurements of the survey's efficacy and the RFI environment at 350 MHz, with a minimum detectable S/N of ∼3.8 and a mean limiting flux density of 0.74 mJy. These measurements have allowed us to make realistic predictions about the survey's yield when complete, and The rightmost panel in each row compares actual/simulated CDFs for each parameter. K-S tests comparing these CDFs (see Table 4 for details) show disagreement between act/sim P , S350, and DM distributions, but p = 37% for b distributions. Figure 9 . Period vs. period derivative for pulsars in GB-NCC survey area. Shown in grey are pulsars that were not detected, and blue plus symbols show detections.
we expect to detect on the order of 157 non-recycled pulsars and 15 MSPs. This calculation uncovered discrepancies in DM, spin period, and spatial distribution in the Galaxy for the simulated populations which will be addressed in a future study. Combing through the data following processing has brought many interesting characteristics of pulsars in the survey to light, including 223 pulsars exhibiting significant nulling and 4 showing evidence for broken power-law spectral energy distributions. These kinds of qualitative observations pave the way for follow-up quantitative analyses of these data and the remaining beams that will be observed in the next few years. Facilities: Robert C. Byrd Green Bank Telescope (GBT) APPENDIX Here we list the measured quantities of pulse width, S/N, S 350 , and α. Pulse profiles are also included following Table 5 . Table 5 continued (3) 0.7(2) − Table 5 continued Table 5 continued Table 5 continued (2) 16.6(18) − Table 5 continued (2) − Table 5 continued Table 5 continued Table 5 continued (2) 1.4(3) − Table 5 continued Table 5 continued J2151+2315 20.6(9) 56297 0.248 17 49 8.2(13) 1.0(2) − Table 5 continued Figure 10 . Pulse profiles for all detections. Text in each plot gives the pulsar name, dispersion measure in pc cm −3 , and flux density in mJy. Centered beneath the profiles' peaks are error bars corresponding to the expected dispersive smearing of the pulse.
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